WHAT'S KNOWN ON THIS SUBJECT: More than 60% of all US tuberculosis cases occur among foreign-born persons, but ∼90% of cases in young children occur among US-born; many of these children have foreign-born parents, suggesting that this is an important population for prevention.
METHODS: Study subjects were children ,5 years old diagnosed with TB in 20 US jurisdictions during [2005] [2006] . TB rates were calculated from jurisdictions' TB case counts and American Community Survey population estimates. An observational study collected demographics, immigration and travel histories, and clinical and source case details from parental interviews and health department and TB surveillance records.
RESULTS:
Compared with TB rates among US-born children with US-born parents, rates were 32 times higher in foreign-born children and 6 times higher in US-born children with foreign-born parents. Most TB cases (53%) were among the 29% of children who were US born with foreignborn parents. In the observational study, US-born children with foreignborn parents were more likely than foreign-born children to be infants (30% vs 7%), Hispanic (73% vs 37%), diagnosed through contact tracing (40% vs 7%), and have an identified source case (61% vs 19%); twothirds of children were exposed in the United States.
CONCLUSIONS:
Young children who are US born of foreign-born parents have relatively high rates of TB and account for most cases in this age group. Prompt diagnosis and treatment of adult source cases, effective contact investigations prioritizing young contacts, and targeted testing and treatment of latent TB infection are necessary to reduce TB morbidity in this population. Tuberculosis (TB) in children ,5 years old (young children) is a sentinel event because it represents recent or ongoing disease transmission rather than reactivation of remotely acquired infection; as such, it points to deficiencies in TB control. 1 In the United States, an average 416 TB cases were reported annually in young children from 2007 to 2011. 2 Recent exposure to an adult with TB disease (the source case) is the primary mode of transmission to young children. 3, 4 In the United States, although .60% of all TB cases occur among foreign-born persons, 90% of cases in young children occur among US-born persons. [5] [6] [7] Approximately two-thirds of US-born young children with TB have foreign-born parents, suggesting that this is an important population for prevention efforts. 8, 9 However, to date, no studies have calculated TB rates in young children by country of birth and parents' origins.
We used a multistate, cross-sectional observational study to calculate TB rates in young children in 3 subgroups:
(1) foreign-born children, (2) US-born children with at least 1 foreign-born parent, and (3) US-born children of US-born parents. To improve understanding of TB in children who are foreign born or have foreign-born parents, we describe the children' s epidemiologic and clinical characteristics and characteristics of source cases.
METHODS
This cross-sectional population-based study of TB in children is part of a general investigation of TB among foreignborn persons in the United States, 10 conducted in 2005-2007 by the Centers for Disease Control and Prevention (CDC)-funded Tuberculosis Epidemiologic Studies Consortium (TBESC). 11 Each of the consortium' s 20 US sites was located in or partnered with a state or municipal health department (Table 1 ).
All sites obtained institutional review board approval; for the observational study, the child' s parent or guardian provided written informed consent. The US Department of Health and Human Services provided a Certificate of Confidentiality to each site to protect participants' sensitive information from involuntary disclosure. Additional information on measures used to protect confidentiality and encourage participation has been published. 10 
Study Population
Study sites collected TB case counts for all young children during the study' s recruitment period ( 10, 12 Persons who responded that they spoke English "very well" were interviewed in English unless they requested an interpreter; all others were interviewed in their native language by using bilingual interviewers and interpreters.
All questionnaires and consent documents were translated from English into 10 languages that, together with English, accommodated almost 90% of participants; for the remainder, professional translation occurred at the time of interview. 10 
Calculation of TB Rates
To account for differences in recruitment periods, each of the site' s total number of TB cases in children ,5 years old was annualized to estimate the average number of cases in a 12-month period. Population information on children ,5 years old by children' s and parents' origin (US-born children of US-born parents, US-born children with at least 1 foreign-born parent, and foreign-born children) for all counties in the study ' More than 80% (n = 303) of the children were US born, including 194 (64%) with at least 1 foreign-born parent, 76 (25%) with US-born parents, and 33 (11%) whose parents' birth countries were unknown. Sixty-one children (17%) were foreign born.
TB Rate Estimates
Estimated TB rates per 100 000 population for children ,5 years old were 2.57 for all children, 24.03 for foreignborn children, 4.81 for US-born children with at least 1 foreign-born parent, and 0.75 for US-born children of US-born parents. More than half of the cases (53%) occurred among US-born children with foreign-born parents (Table 2) . When the 33 children with unknown parental birthplaces were included in the group with foreign-born parents, that group' s TB rate increased to 5.61;
including them in the group with USborn parents increased that rate to 1.08.
Observational Study Results: Demographics
A total of 255 children (61 foreign born, 194 US born) were eligible for the observational study, of whom 149 (58%) were enrolled: 27 (44%)foreignborn and 122 (63%) US born; US born children were more likely to be enrolled (P = .01).
Reasons for nonenrollment included parental refusal, .6 months elapsed since treatment start, inability to contact the child' s parents, or the child moved; case counts by nonenrollment reason were not provided by study sites. Two-thirds of enrolled children were Hispanic; the median age was 2 years. The foreign-born children were from Mexico (9), Central America/South America/Caribbean (5), sub-Saharan Africa (5), South Asia/East Asia/Pacific (5), and Eastern Europe/Central Asia (3); 6 (22%) were adopted by US-born parents. Adoptees were from Guatemala, China, Ethiopia, and Kazakhstan, and 2 were from the Russian Federation. US-born children were more likely than foreign-born children to be Hispanic and to be diagnosed before their first birthday (Table 3) .
Of the 143 children with at least 1 foreignborn parent, more than half the parents (57%) were from Mexico. Almost half (48%) of the foreign-born parents reported they were undocumented at time of US entry, and 31% spoke no English.Fifteen(10%)ofthe149 parentssaid "yes" when asked if they feared they or their children would be deported when they took the children for TB treatment.
Care-Seeking Behavior
US-born children were more likely to have identified source cases, have medical insurance, and be diagnosed through medical evaluation for symptoms; foreign-born children were more likely to be diagnosed through medical screenings (Table 3) . Of the 70 children without identified source cases, 37 (53%) were diagnosed during medical visits for symptoms and 33 (47%) during screenings, most commonly wellchild examinations (n = 18). Of the 79 children with identified source cases, 51 (65%) were diagnosed through the source case' s contact investigation (n = 47) or evaluation for a known TB exposure (n = 4), 24 (30%) were diagnosed during medical visits for symptoms, and 4 (5%) from well-child examinations.
Clinical Findings
Forty-seven children (32%) had some extrapulmonary TB; extrapulmonary involvement was more common in symptomatic children (40% vs 14%; P , .01).
Meningeal and miliary presentations were more common in infants (24% vs 5%; P , .01; data not shown). Of the 140 children who received tuberculin skin tests, 89% were positive.
All but 1 of 45 culture-confirmed TB cases occurred in US-born children (Table 3) . Of the 44 with isoniazid, rifampin, and ethambutol drug susceptibility testing (DST), 1 (2.3%) had multidrug-resistant (MDR) TB (resistance to both isoniazid and rifampin) and 5 (11.4%) had isoniazidresistant, rifampin-susceptible TB. Three children who were only clinically confirmed had source cases with MDR TB. Of the 35 isolates with pyrazinamide (PZA) DST, 5 (14.3%) were resistant. All children with PZA-resistant TB were US born with a Mexican-born parent (33% PZA resistance among the 15 children of Mexican-born parents with PZA DST results) and had extrapulmonary involvement. Those who had eaten unpasteurized dairy products were more likely to have PZA resistance: 60% vs 7% (P = .02). Ninety-nine children (66%) had TB symptoms; most commonly fever (56%) and cough (54%) ( Table 4) . A median 52 days elapsed between symptom onset and TB treatment initiation: 44.5 for US-born and 115 for foreign-born children (Table 4) . A median 2 clinical visits occurred before treatment initiation; 15 of 99 symptomatic participants had .4 visits (maximum 7).
Source of Infection
Conservatively, 102 (68%) of the participants contracted TB in the United States (Table 3) , 79 with known source cases and 23 with no foreign travel (4 with foreign visitors in the previous year and 19 without) (Fig 1) . Thirty-six children (24%) had TB transmission risks only outside the United States (21 foreign born with no other identified risk factors, 15 with foreign travel in the 2 years before diagnosis). Eleven children (7%) had foreign visitors and foreign travel. US-born children were nearly 10 times as likely as foreignborn children to have been infected in the United States (Table 3) .
Source Case Characteristics
Seventy-nine children (53%) in the observational study had known source cases. Fifty-one (65%) of the source cases lived in the child' s household. The source case was diagnosed first for 54 (68%) children and the child was diagnosed first for 16 (20%). The timing of diagnosis relative to the source was unknown for 9 children, including 2 in whom the epidemiologic linkage was confirmed through Mycobacterium tuberculosis genotyping.
Source cases for 52 (66%) of the 79 children were enrolled in the study; 6 of the source cases infected 2 different Table 5 ).
DISCUSSION
TB in young children is of particular clinical and programmatic concern because (1) such cases are markers for recent or ongoing transmission, (2) young children are more likely to progress from infection to disease, and (3) youngchildrenare more likely todevelop severe manifestations of TB, such as meningeal or miliary disease. 15, 16 Foreign-born children have long been known to be at high risk of TB and have been a focus of prevention efforts. 17, 18 But the risk of TB among children of foreign-born parents has been harder to define because of the difficulty of obtaining parental birth information and population denominators.
This is the first US study to calculate TB rates among children younger than 5 years by national origin of both the children and their parents. The study found that the TB rate for young children who are US born but have at least 1 foreign-born parent was more than 6 times that of US-born young children with US-born parents. Although foreignborn children had higher TB rates, they accounted for only 1.8% of the total population of children ,5 years old and 17% of TB cases in young children. Most TB cases (53%) in young children were reported among the 29% of the US population of young children with at least 1 foreign-born parent. This pediatric population should be a focus of TB prevention and control efforts.
Routine ascertainment of children' s and parents' countries of birth can help identify children at risk for both TB and latent TB infection (LTBI). It took a median of 52 days to initiate TB therapy for the symptomatic children in this study. Unfortunately, symptoms such as fever and cough are also seen in the more common viral upper respiratory infections, making it difficult to select young children who should be further evaluated for TB. We propose that young children who are foreign born or US born with foreign-born parents be assessed for TB if they have coughs lasting for .3 weeks and are not experiencing clinical improvement. 15, [19] [20] [21] Even though specimen collection from young children is challenging, confirming TB diagnosis and identifying drug susceptibilities is critical. In our study, PZA-resistant M tuberculosis complex strains were associated with a parent being born in Mexico and with consumption of unpasteurized dairy products, suggesting infection with Mycobacterium bovis. Speciation to confirm M bovis was not performed, but all children with PZA-resistant mycobacterial disease had extrapulmonary involvement, an epidemiologic characteristic of M bovis disease, and many had eaten unpasteurized dairy products, a known source of M bovis a Risk ratio estimates the relative risk of US-born children compared with foreign-born children (with asymptotic 95% CIs). b At least 1 parent born in given region. When discordant and US-born for 1 parent, foreign region given (n = 22); Mexico given when Mexican and Latin American parents (n = 4). c All children were adopted (adoptee birth countries were Guatemala, China, Ethiopia, Kazakhstan, and 2 from the Russian Federation). d At least 1 parent with given visa status. When discordant, undocumented given over documented. e Interview informant was asked: "When you took your child for tuberculosis treatment, were you afraid you or your child might be sent back to the country you came from?" f Reasons for initially seeking health care among adopted children were post adoption check-ups (n = 4), well-baby examinations, and symptoms (n = 1).
infection. 22 If culture cannot be obtained, these epidemiologic and clinical characteristics can help support a diagnosis of PZA-resistant TB.
The importance of prioritizing young pediatric contacts for evaluation in contact investigations 23 is underscored by our finding that more than one-third of the children in the observational study were diagnosed that way.
Prevention of TB in young children also requires preventing TB transmission from adults to children. In the observational study, more than 60% of US-born children had an identified source case, but a substantial amount of time was required to initiate treatment of these source cases: a median of 105 days from symptom onset. Earlier identification of the adult source case might have prevented transmission to these children or allowed for preventive treatment before the children' s infections had progressed to disease. Factors associated with longer time to treatment initiation could include declining public health funding, which would reduce resources required for extensive and detailed contact tracing and source case investigations. 24 Other factors might be barriers to care that are unique to foreign-born populations; many of the individuals who were identified source cases in this study did not speak English, were undocumented immigrants, and expressed fears of deportation.
Although early diagnosis and prompt treatment of TB disease is a primary component of TB control, it is preferable to prevent TB disease through (1) identification, screening, and LTBI testing of children at high risk and (2) treatment of infected children. Testing of children who do not have TB risk factors is strongly discouraged because of a low yield of positives and a high yield of falsepositives. 17 In response to the need for easily administered screening instruments, questionnaires have been developed and validated for screening children ,18 years old in clinics and office-based practices; those determined to be at high risk can be tested for LTBI. 17, 19, 25 a Risk ratio estimates the relative risk of US-born children compared with foreign-born children (with asymptotic 95% CIs). b Reasons for initially seeking health care among symptomatic adopted children were post-adoption check-ups (n = 2), well-baby examinations, and symptoms (n = 1). c Number of physician visits required for TB diagnosis for persons reporting symptoms.
have a parent who was born in such a country, should be considered for LTBI testing, regardless of responses to other questions. 26 Of note, although 1 set of current guidelines for LTBI testing in children recommends testing of children with recent foreign travel to countries with high TB rates, 23 more than twothirds of the children in our observational study were exposed in the United States. In an effort to curtail importation of TB cases among US immigrants, the CDC' s Division of Global Migration and Quarantine in 2007 revised the prearrival requirements for immigrant children and refugees to require that all children ages 2 to 14 be tested for TB infection and, if positive, screened for TB with a chest radiograph. 27, 28 Although this change will help identify both children with TB and those who could benefit from LTBI treatment in the United States, it will not help those children who acquire infection after arrival.
An important issue is the generalizability of the study' s calculated TB rates to the nation as a whole, as the population studied was not a national sample. However, the sample was drawn from 16 states and represented almost half of all TB cases diagnosed in young children in the United States during the study enrollment years. Moreover, the calculated overall rate of 2.57 per 100 000 young children in the study jurisdictions is similar to the national rate of 2.38 per 100 000 in 2005-2007. 29 Although parental origin was unknown for 33 US-born children, a sensitivity analysis that assigned those children to US or foreign parentage changed the estimated TB rates only modestly.
A limitation of the observational study is that only ∼60% of eligible cases were enrolled, and US-born children were more likely to be enrolled; to the extent that children with particular characteristics (eg, age, site of disease) were differentially enrolled by nativity, this could affect study comparisons. However, the clinical characteristics of the study population were consistent with those previously reported for pediatric TB, including (1) the proportion and types of extrapulmonary TB overall and by age group, (2) the higher prevalence of PZA resistance among children of Mexican descent, and (3) the proportion of laboratory-confirmed cases (30% in the study, 25% nationally, P = .15). 16, [30] [31] [32] An additional limitation to the observational study is that source cases were identified through epidemiologic links; it is unclear how many were confirmed by genotyping. However, other studies have shown tight concordance (85%-91%) between genotyping results and epidemiologic data in patient-source case pairs for young children. 33, 34 Finally, PZA analysis was limited by missing data.
CONCLUSIONS
Ultimately, prevention of TB in young children will require more effective testing and treatment of adults at high risk of LTBI, so they do not develop TB and transmit it to young children. 35 Foreignborn adults represent the largest highrisk population in the United States. 7 All medical providers should assess patients' country of birth routinely as part of any clinical encounter. This practice will identify persons likely to have LTBI and TB disease; treatment will prevent disease transmission.
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